Abstract -Within the two-orbital model for BiS2-based superconductors, the effect from a single nonmagnetic impurity scattering on the superconducting-state is investigated in terms of the T-matrix approach. By considering three kinds of the typical Fermi surface topology which characterize the essential features of the doping dependence of the electronic structure in BiS2-based superconductors, it is found that the impurity scattering on the superconducting-state with the conventional s-wave, the extended s-wave, the ±s-wave, and the d x 2 −y 2 -wave symmetries induces qualitatively different resonance states due to the evolution of unique nodal structures on the Fermi surface with doping. These impurity-induced resonance states can be verified directly by the scanning tunneling microscopy experiments, and therefore they are proposed as a probe of the superconducting pairing symmetry in BiS2-based superconductors.
The recent discovery of superconductivity in BiS 2 -based layers materials, such as BiO 4 S 3 and ReO 1−x F x BiS 2 (Re=La, Nd, Ce, Pr) [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] , has attracted considerable attention, since the physical properties in these unconventional superconductors mainly depend on the extent of the charge carrier doping, similar to the well-known cuprate-based and iron-based superconductors. For LaO 1−x F x BiS 2 , superconductivity [1, 2] emerges when the doping concentration x ≥ 0.5. However, NdO 1−x F x BiS 2 becomes a superconductor only at the doping range [3] of 0.1 ≤ x ≤ 0.7. On the other hand, the ration of the superconducting (SC) gap and SC transition temperature T c observed from the tunneling spectra [10] is much larger than the one predicted by the BCS theory in the weak coupling regime, which therefore suggests the strong coupling superconductivity in BiS 2 -based superconductors.
The band-structure calculations [11] indicate that the relevant bands crossing the Fermi surface (FS) originate mainly from the Bi 6p orbitals, where the FS topology remarkably changes with doping. In particular, the electron pockets located around the [0, ±π] or [±π, 0] (K) point at the low doping regime evolve into two hole pockets located around the [0,0] (Γ) and [π, π] (M ) points, respectively, with increasing doping concentration. However, the new electron pockets located around the K point appear again at the high doping concentration x ≥ 0.5, and therefore there is a coexistence of the electron pockets and hole pockets. Moreover, as a consequence of the unconventional superconductors, it has been argued that in analogy with the iron-based and cuprate-based superconductors [12, 13] , the spin excitations with the short-range order may act like a bosonic glue to hold the electron pairs together, then these electron Cooper pairs condensation reveals the SC-state. In this case, the unexpected finding of superconductivity in BiS 2 -based superconductors has raised the hope that it may help to solve the unusual physics in the iron-based and cuprate-based superconductors.
In a superconductor, the crucial requirement is to confirm the symmetry of the SC-state, since the understanding of the SC pairing symmetry will help to reveal the underlying SC mechanism. The SC pairing symmetry in BiS 2 -based superconductors has been discussed recently within the weak-coupling approach [13, 14] , where the possible SC pairing symmetries, such as the conventional swave, the extended s-wave, the d x 2 −y 2 -wave as well as the spin triplet p-wave, have been proposed [13] [14] [15] . However, no general consensus has been reached so far due to the absence of direct experimental evidences. In this paper, we use local electronic structure around a single nonmagnetic impurity to probe the pairing symmetry in BiS 2 -p-1 based superconductor, since such properties have proved to be successful in identifying pairing symmetries in other different classes of superconductors [16] . Our results show that the effect from a single nonmagnetic impurity scattering on the SC-state with the conventional s-wave, the extended s-wave, the ±s-wave, and the d x 2 −y 2 -wave symmetries may induce qualitatively different resonance states as a result of unique nodal structures on different FS topology with doping. Since these impurity-induced resonance states can be verified directly by the scanning tunneling microscopy (STM) experiments, they are proposed as a test of the SC pairing symmetry in BiS 2 -based superconductors.
It has been shown from the first principles calculations that the essential physics of the doping dependence of the electronic structure in BiS 2 -based superconductors is captured by a two-orbital model [11] ,
where
is the creation operator for spin σ electrons in the orbitals p X and p Y , while the matrix elements ε 
with E k+ (blue solid line) and E k− (black dash-dotted line) along the high symmetric directions are plotted in Fig. 1 , where the red dash-dotted, black solid, and blue dashed lines denote the Fermi energy at the doping concentrations x = 0.25, x = 0.45, and x = 0.55, respectively. It should be emphasized that although the Fermi energies only at three doping concentrations are shown in Fig. 1 , they actually represent three kinds of the typical FS topology in BiS 2 -based superconductors as mentioned above. In spite of the unconventional SC mechanism, the bare Green's function of BiS 2 -based superconductors in the SCstate can be expressed phenomenologically in the Nambu representation as,
where1 is a unit matrix, whileĤ k is defined as,
with τ i and σ i are the Pauli matrices, and τ i ⊗ σ i denotes a direct product of the matrices operating on the four-dimensional space. The SC gap is described by ∆ k , with the conventional s-wave ∆ k = ∆ 0 , the extended s- 
For the convenience of comparison, the same magnitude of the SC gap parameter ∆ 0 for all SC gaps with different symmetries has been used. In this case, the density of states (DOS) is obtained as,
while the corresponding bare Green's function in realspace is obtained in terms of the Fourier transform as,
where R ij = R i −R j with R i is lattice vector, and N is the number of lattice sites. In the presence of a single nonmagnetic impurity with the scattering strength U located at the origin r i = 0, the bare Green's function (6) is dressed via the impurity scattering, and then this dressed Green's function can be evaluated within the T-matrix approach as [16] ,Ĝ
whereT (ω) =Û /[1 −Ĝ 0 (0, 0; ω)Û ], and the impurity scattering potentialÛ is simply given as U ij = U δ ij for 1 ≤ i ≤ 2, and
The local density of states (LDOS), which is proportional to the local differential tunneling conductance measured by STM experiments, now can be expressed as,
In the absence of the impurity scattering, the FS topology in the SC-state with the d x 2 −y 2 -wave symmetry (a-c) and extended s-wave symmetry (d-f) at x=0.25 (a and d), x=0.45 (b and e), and x=0.55 (c and f) is plotted in Fig. 2 . It is shown clearly that at the low doping concentration x=0.25, only the electron pockets appear around the M point. With increasing doping concentration, the FS topology changes significantly, and in particular, two hole pockets around the Γ and M points occur at x=0.45. However, at the high doping concentration x=0.55, besides the hole pockets, four electron pockets around the M point emerge again. These results imply that the SC pairing symmetry in BiS 2 -based superconductors might be quite different at different doping levels. Now we turn to discuss the impurity-induced resonance state. Firstly, it should be noted that in the case of the conventional s-wave symmetry with a full SC gap, the robust two resonance peaks induced by a single nonmagnetic impurity scattering always locate at the gap edges ±∆ 0 regardless of the impurity scattering strength. These resonance states are called as Yu-Shiba-Rusinov states [17] .
For a convenience in the following discussions, we plot DOS as a function of energy with the conventional s-wave symmetry (black solid line), the extended s-wave symmetry (red dashed line), and the d x 2 −y 2 -wave symmetry (blue dash-dotted line) at x = 0.25 in Fig. 3 , where for the case of the d-wave symmetry, DOS displays a U-shaped behavior, which is similar to the case of the conventional s-wave symmetry, reflecting the gap structure of the d x 2 −y 2 -wave case has no sign change within each electron pocket as shown in Fig. 2a . On the other hand, a V-shaped DOS appears in the case of the extended s-wave symmetry, which is the result of the nodal line crossing electron pocket as shown in Fig. 2d , however, the distance between two coherent peaks is much smaller than that in the d x 2 −y 2 -wave case, reflecting a fact that there is no enough condensation energy in the SC-state with the extended s-wave symmetry.
In comparison with the case in the absence of the impu- rity shown in Fig. 3 , we plot LDOS as a function of energy on the impurity site and its nearest-neighbor (NN) site for (a) and (b) the extended s-wave symmetry, and (c) and (d) the d x 2 −y 2 -wave symmetry at x=0.25 with the impurity scattering strength U =0, 1, 10, 100 (in the unit of eV) in Fig. 4 . We find that in the SC-state with the extended s-wave symmetry, two resonance peaks only located at the coherent gap edges irrespective of the impurity scattering strength appear on the impurity site, while they are absent from the NN site, indicating the strong localization of the nonmagnetic impurity scattering. However, the intragap resonance state emerges in the SC-state with the d x 2 −y 2 -wave symmetry on both impurity site and its NN site regardless of the U-shaped DOS in Fig. 3 . In particular, this intragap resonance peak moves to the coherent gap edge with decreasing impurity scattering strength U. Moreover, it is most surprising that this intragap resonance peak is located far away from the Fermi energy even in the unitary scattering limit, which is in contrast to the case of the cuprate-based superconductors, where the impurityinduced resonance peak occurs near the Fermi energy [18] . It should be mentioned that the impurity-induced intragap resonance states reflect the SC pair breaking, while the resonance states located at the gap edges obey the Anderson's theorem [19] . For a better understanding of the impurity-induced resonance state at different doping levels, the energy dependence of DOS and LDOS on the impurity site and its NN site at x=0.45 are plotted in Fig. 5 and Fig. 6 , respectively. Comparing Fig. 5 with Fig. 3 for the same set of parameters except for x=0.45, we see clearly that for both extended s-wave and d x 2 −y 2 -wave symmetries, a V-shaped DOS emerges at x=0.45, reflecting the appearance of the nodal structure in these SC pairing symmetries, however, the distance between two coherent peaks in DOS is still much smaller. Moreover, it is interesting that two new coherent peaks denoted by two arrows appear at lower energies for the extended s-wave symmetry, which orig- inate from the sign change within each hole pocket as shown in Fig. 2b . In this case, as shown in Fig. 6a , besides two impurity-induced resonance peaks located at the large coherent gap edges, other two impurity-induced intragap resonance peaks emerge within the new coherent gap, however, as shown in Fig. 6b , there is still no impurity resonance states on the NN site. On the other hand, for the d-wave symmetry, the impurity-induced intragap resonance peak always survive as shown in Fig. 6c , and in particular, it shift to the Fermi energy with increase of the impurity scattering strength U as shown in Fig. 6d , which is very similar to the case in the cuprate-based superconductors.
Finally, we discuss the impurity-induced resonance state at the optimal doping concentration x=0.55. In Fig. 7 , we plot LDOS as a function of energy on the impurity site and its NN site for (a) and (d) the extended s-wave symmetry and (c) and (f) the d x 2 −y 2 -wave symmetry. For comparison, LDOS for the ±s-wave symmetry, which may be valid for the iron-based superconductors [20] , is also plotted in Fig. 7b and Fig. 7e , where we assume ∆ 0 > 0 for hole pockets and ∆ 0 < 0 for electron pockets. Obviously, in the case of the extended s-wave symmetry, the feature of the impurity-induced resonance states is very similar to the case at x=0.45, and the impurity effect is robust localized on the impurity site. Moreover, the behavior of LDOS for the ±s-wave symmetry, arising from two Yu-Shiba-Rusinov states at the coherent gap edges, is the same with the case of the conventional s-wave symmetry. However, four SC coherent peaks appear in the case of the d x 2 −y 2 -wave symmetry, reflecting the two energy band features as shown in Fig. 2d . We have also noted that all coherent gap edges are very close to ±∆ 0 . In this case, there are two kinds of the impurity-induced intragap resonance peaks in Fig. 7f : one is located at lower energy and shifts to the Fermi energy with the increase of the impurity scattering strength U, while other occurs near the coherent gap edge even in the strong impurity scattering limit, and moves to the coherent gap edge with the decrease of U.
In particular, at the doping concentration x=0.55, the FS topology is enclosed by both electron pockets and hole pockets contributed from bands E k+ and E k− respectively. Therefore, we have further made a calculation for LDOS by considering the additional interband scattering with the strength V , and the results are plotted in Fig. 7g-7i . In comparison with the corresponding results in Fig.  7d -7f in the absence of the interband scattering, it is found that the weight of the impurity-induced resonance peaks are strongly enhanced by the interband scattering for all SC pairing symmetries under consideration, however, for both extended s-wave and ±s-wave symmetries, the new intragap resonance states induced by the interband scattering appear at the NN site, while the mainly feature of LDOS in the absence of the interband scattering for the d x 2 −y 2 -wave symmetry remains.
In conclusion, based on the two-orbital model for BiS 2 -based superconductors, we have shown that the effect from a single nonmagnetic impurity scattering on the SCstate with the conventional s-wave, the extended s-wave, the ±s-wave, and the d x 2 −y 2 -wave symmetries can induce qualitatively different resonance states. In particular, these impurity-induced resonance states are proposed as a probe of the SC pairing symmetry in BiS 2 -based superconductors, since they can be verified directly by the STM experiments. −y 2 -wave symmetry at x=0.45 with the impurity scattering strength U =0, 1, 10, 100 (in the unit of eV).
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